The transient response of the transversal effects of a piezoceramic transducer is introduced in measurements of the viscosity of liquids. Viscosities of water-glycerin mixtures and silicone oil were measured from the motional current of transducer at a resonant frequency of 23 kHz and its higher harmonic frequencies of 68, 110 kHz, respectively.
where, k is the electromechanical coupling factor, A the vibrating area, f the frequency, and poi, and riL are the density and the viscosity of liquid, respectively. Therefore, the viscosity can be measured from the resonance resistance Rr. The authors have reported the measurement method5) for a motional current Im(f) flowing through the motional admittance Yin (f) in the transient condition of a piezoceramic transducer. Ym (f) and lin(f) have their next relationship as,
where V(f) is the driving voltage. Figure 2 shows the extracting circuit for the motional current Im(f)5). In this circuit, Im (f) was extracted by subtracting a damped current of Co from the total current of the transducer I(f) with the differential mode of the oscilloscope. When a piezoceramic transducer is driven under the constant-voltage-driven condition, the motional current Im (f) is directly proportional to the motional admittance Ym (f) . As shown in Figure 1 , motional admittance Ym (f) is expressed as,
At the resonant frequency, Ym (f) is simply expressed as (4). 
3.
Results and discussion Figure 4 shows an example of the transient motional current of the piezoceramic transducer being immersed in pure water. The motional current waveform im (t) and the frequency spectrum of the motional current Im(f) are shown in Figure 4 (a) and (b), respectively. The peaks in the frequency spectrum are observed at the fundamental resonance of 23 kHz and at its higher harmonic resonant frequencies of 68 and 110 kHz. The peak amplitudes at each resonant frequency were measured for the various viscosities of the sample liquids. is the frequency spectrum of the motional current waveform of (a). Future work of this study is to examine the design for optimized sensor.
